Introduction: Techniques and armamentarium for intentional replantation have varied throughout the years with no universally accepted clinical treatment guidelines. A wide range of success rates has been reported, and accordingly, this treatment method has often been regarded as a treatment of last resort. However, recent studies have shown more consistent success rates as high as 88% to 95%. In light of these new studies, intentional replantation may now be considered a more commonly accepted treatment modality. The purpose of this review was to critically examine reported techniques for intentional replantation. Methods: A search of the literature on intentional replantation techniques was performed using electronic databases including PubMed, Medline, and Scopus. A total of 3183 articles were generated and screened for relevance based on defined inclusion and exclusion criteria. Subsequently, 27 studies were included for critical review of technique. Results: There has been an evolution in technique for intentional replantation over the decades. Conclusions: Numerous aspects of the procedure exhibit variations, whereas other aspects exhibit considerable consistency. Few studies reported techniques consistent with modern endodontic surgical principles. (J Endod 2018;44:14-21) 
(DOM) to properly magnify and illuminate the areas being evaluated (11) (Figure 1 ). Following root inspection, root resections are made using a high-speed handpiece, ideally of at least 3 mm, which has been shown to eliminate 98% of apical ramifications and 93% of lateral canals (13) (Figure 2 ). In the event that granulomatous tissue remains attached to the root ends on extraction, it is carefully curetted or is removed when the root is resected.
The root canals are then prepared to receive a root-end filling using either a high-speed handpiece or ultrasonic instrumentation ( Figure 3 ). The ideal root-end preparation has been described as a class I cavity, at least 3 mm in depth, with parallel walls and consistent with the natural anatomic outline of the root canal space (14) . The best method to accomplish these goals is thought to be with ultrasonic instrumentation, rather than high-speed surgical burs (11) . The use of ultrasonic instrumentation for root-end preparations has been associated with the creation of fractures in the unsupported root-end and thus must be performed with caution to avoid excessive force (15) . A root-end filling material is then placed and condensed into the preparation ( Figure 4 ). Historically, amalgam was the material of choice for root-end filling; however, newer materials, such as Super ethoxybenzoic acid (SuperEBA), mineral trioxide aggregate (MTA), and calcium silicate cements, have shown superior ability to seal the root canal Intentional Replantation Techniques system and demonstrate greater biocompatibility (16) . In addition to their superior sealing ability, calcium silicate root-end filling materials have demonstrated bioactivity with precipitation of apatite crystals on dentinal surfaces (17, 18) . Considering these more desirable properties, amalgam is no longer advocated for use as a root-end filling material.
Once root-end fillings have been completed, the tooth is ready for reimplantation into its original socket. Before tooth replacement, the socket may be curetted to remove any remaining granulomatous tissue or cystic remnants. This practice has been somewhat controversial. Some authors have advocated curettage of the most apical portion of the socket while avoiding contact with the socket walls (19, 20) . Others have recommended avoiding curettage of the socket all together. Instead, surgical suction devices are used to remove only the blood clot, with careful attention to avoid any contact with socket walls (9, 11, 12) . Regardless of the method, the primary goal is to avoid removing and/or traumatizing remaining PDL cells attached to the alveolus, which aid in the healing process.
Once the socket has been prepared to receive the tooth and is free of any obstruction, the tooth is gently placed in the socket in an axial direction using digital pressure. If resistance is met, some have reported using the patient's bite pressure to further seat the tooth into its socket 
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Becker JOE -Volume 44, Number 1, January 2018 (21, 22) . Once completely seated, compression of the socket walls using further digital pressure has been recommended (4, 12, 23) to gain a more intimate adaptation of the socket wall and tooth root. An assessment of stability of the tooth is rendered and the decision of whether to apply a splint is made. The practice of splinting is somewhat controversial. Some authors advocate splinting replanted teeth for 7 to 10 days to 3 to 4 weeks (4, 12) . Others recommend no splinting unless advanced mobility is present (19, 24) . In addition, occlusal reduction of the implanted tooth has been advocated by some (8, 19) and avoided by others (21) . This final step completes the procedure and the patient is then seen for postoperative examination at various time intervals. Additional sources of contention during intentional replantation surround the proper handling of the tooth during endodontic manipulation and the time limits for the tooth to be out of the mouth. Both handling and extraoral time are critical to ensuring maximum vitality of PDL cells. Kratchman in 1997 (11) suggested holding the extracted tooth in dental forceps while performing the root-end procedures. He also recommended performing the root resections while periodically submersing the tooth in a bath of Hank's balanced salt solution (HBSS) to maximize the PDL survivability. More recent studies by Choi et al (25) and Cho et al (26) report holding the tooth in saline-soaked gauze during manipulation. It is important that the gauze is completely saturated with saline and not sterile water, as dry gauze or sterile water may desiccate root surfaces and compromise the vitality of PDL cells (27) .
Recommendations for extraoral times have also varied. In 1966, Grossman (4) reported the time out of the mouth should be ''a matter of minutes,'' noting specifically that the PDL can be kept alive for 15 to 20 minutes. Kratchman (11) recommended a maximum extraoral time of 10 to 15 minutes. In the 1994 report by Dryden and Arens (28) on intentional replantations, J. Andreasen was noted to have reported 90% success rates when avulsed teeth were replanted within 30 minutes.
Specific indications for intentional replantation include circumstances that may preclude traditional apical surgery, such as areas of limited access and visibility, close proximity to delicate anatomic structures, or when a periodontal defect may result. Other indications include the presence of conditions for which nonsurgical retreatment is impracticable, such as obstruction of the root canal system, or perforation that is not accessible (28) . Finally, intentional replantation also has been indicated in situations of difficult patient management, persistent chronic pain, accidental iatrogenic avulsion, involuntary orthodontic extrusion, and previous failure of nonsurgical retreatment and apical surgery (29) .
Critical Review of Reported Techniques
The reported and suggested techniques for intentional replantation demonstrate significant heterogeneity. There is continuity with some aspects of the procedure, such as avoiding contact of cementum during tooth extraction and utilization of saline as a root hydration medium during endodontic manipulation, whereas other aspects vary significantly. Examples of variation include administration of preoperative antibiotics, number of operators, curettage of the tooth socket, root resection method, root-end preparation method, root-end filling material, extraoral time, and application of a splint. These similarities and differences are highlighted in Table 1 (4, 7-12, 19-26, 28-39) .
A detailed analysis of the reported or advocated techniques revealed the following.
Preoperative Antibiotics
In preparation for the intentional replantation procedure, preoperative antibiotics were recommended by a minority of authors, with most advocating no antibiotics, or administration only ''as needed'' for prevention of subacute bacterial endocarditis or infection of artificial joint replacements. For those recommending antibiotics as a measure to improve procedural results, the timing and choice of antibiotics varied. Nosonowitz (8) advised starting antibiotics a day before the operation, whereas others, such as Jang et al (37) , reported beginning the medication on the day of the procedure. The choices of antibiotics included penicillin, ampicillin, clindamycin, and tetracycline.
Preoperative Disinfection
Preoperative disinfection of the surgical site was nearly universally recommended. This included a range of techniques, from local debridement of plaque and calculus to disinfection with chemical agents such as glyoxide and metaphen. Chlorhexidine, in concentrations of 0.12% or 2% was the most commonly recommended means for disinfection.
Number of Operators
Several authors, such as Grossman (4) (23), and Guy and Goerig (20) , recommended performing intentional replantations using 2 operators, one to perform the tooth extraction and the other to perform the endodontic surgical manipulation. The purported benefit was an increased efficiency in operating time and allowance for greater focus on the task at hand, thus reducing the time that the tooth was out of the mouth. Most studies, however, reported a single operator for all aspects of treatment, with similar reported extraoral times as those using 2.
Tooth Extraction Method
The methods for tooth extraction also varied greatly among studies. Grossman, Guy and Goerig (20) , and Tewari and Chawla (21) reported the use of dental elevators either to loosen soft tissue or the tooth before forceps application. Most authors, though, were implicit that no dental elevators be used, and that the application of the dental forceps be limited to the tooth crown with no root contact. An additional consensus was to perform the extraction in a controlled, prolonged manner with a slow rocking motion to prevent and mitigate potential damage to the periodontal ligament cells. Interestingly, Jang et al (37) reported placing a #15 surgical scalpel in the tooth sulcus, then driving the blade into tissue using a mallet to separate the periodontal fibers.
Socket Protection
Subsequent to tooth extraction, and during endodontic surgical manipulation of the tooth, some earlier authors, such as Grossman (4), Deeb (30) , and Nosonowitz (8), advocated placing sterile gauze over the tooth socket as a means of protection from debris and saliva. Although this practice seemed to fall out of favor with time, Cho et al (26) reported using gauze to cover and protect the socket as recently as 2016 in a study on intentional replantations.
Tooth Handling Method
Once the tooth extraction was completed, most operators recommended holding the tooth by the crown with a saline-soaked gauze as a measure to provide continued hydration of the root surface and periodontal ligament cells. Nearly the same number recommended holding the tooth by the crown using the beaks of the forceps, limiting contact to enamel. Niemczyk (9), Kratchman (11) , and Peer (29) additionally recommended applying a rubber band to the handles of forceps to 
Root Hydration Medium
The use of saline for a root hydration medium was near unanimous. In contrast, Kratchman (11) and Niemczyk (9) each recommended HBSS. In addition, Kratchman (11) reported that periodic submersion of the tooth in a bath of HBSS during root resection was the best approach to avoid root desiccation.
Root Resection Method
Root-end resection methods also varied. Although many authors did not specifically report the length of root-end resection, nearly all advocated or reported performing some degree of resection. An exception was a 1982 study by Grossman (10) in which it was reported that root resections were performed ''as needed.'' Most reported resections were completed with the use of a carbide or diamond bur in a highspeed handpiece. Length of resection also varied, with most reporting 1 to 3 mm, although Nosonowitz (8) 
Root-End Preparation Method
Subsequent to root-end resection, most operators performed a root-end preparation. However, Grossman (4) recommended no root-end preparation for those teeth with root canals that were already filled. Studies by Guy and Goerig (20), Dumsha and Gutman (12) , and Fegan and Steiman (23) recommended root-end preparations on an ''as-needed'' basis. The lengths and methods of the root-end preparations varied. Some reported 2 to 3 mm, others 3 to 4 mm, and Deeb (30) reported one-third the root length. Nearly all were completed using a carbide bur. Cho et al (26) were the only authors that reported the use of ultrasonic instrumentation for root-end preparation, and only in cases of thin roots.
Root-End Filling Material
To fill the root-end preparations, most authors used amalgam; however, more recent studies by Cho et al (26) , Jang et al (37) , and Choi et al (25) incorporated the use of newer materials such as intermediate restorative material, SuperEBA, MTA, and Endocem. Additional reported materials included zinc-oxide eugenol cements, glass ionomer, and gutta-percha. Notably, Keller et al (32) reported using aluminum-oxide ceramic pins to fill root-end preparations.
Socket Curettage
After endodontic manipulation, and before reinsertion of the tooth into its socket, all authors performed some manipulation of the socket in preparation for seating. This varied from simple aspiration or rinsing of the blood clot using a suction device or saline, to curettage of the socket using surgical instruments. When curettage of the socket was performed or suggested, some authors were implicit that only the apical portion of the socket be touched, thus avoiding contact with walls, whereas others made no distinction.
Tooth Insertion
To seat the tooth in the socket, 2 methods were reported. Most authors used simple placement using fingers, then digital compression of the socket walls. A minority suggested or reported further seating of the tooth using the patient's biting pressure to drive the tooth into position.
Tooth Splinting
On reinsertion, splinting of the tooth was variable. Many studies included splinting only when gross instability of the tooth was present. Others, such as Dryden and Arens (28) , incorporated a splint for each case. The advocated duration of splint application also varied from 7 to 10 days or 3 to 4 weeks. Material for splint fabrication ranged from wire to acrylic to sutures. Emmertsen and Andreasen (7) reported the use of lead foil for splinting. Relief of the reimplanted tooth from occlusal contact was near unanimous, although a few recommended no adjustment or only ''as needed. '' Two additional procedural categories demonstrated differences in reported or suggested technique.
Root Inspection Method
Inspection of the tooth root for anatomic variations, such as additional portals of exit or isthmi, or root fractures, before endodontic surgical manipulation, was rarely reported. This is a crucial step in keeping with modern endodontic surgical technique, contributing to success or failure of the procedure. In 1997, Kratchman (11) advocated the use of a DOM to aid in inspection of the roots before continuing with the intentional replantation procedure. Studies by Niemczyk (9), Choi et al (25) , Cho et al (26) , and Jang et al (37) were the only additional articles to explicitly report the use of a DOM for inspection.
In addition, staining of the root surface using methylene blue was also incorporated. In contrast, most studies either did not report whether the root was inspected or an alternate technique was used. Guy and Goerig (20) reported inspection using a #23 explorer, whereas Dryden and Arens (28) reported the use of ''magnification lenses'' and methylene blue dye.
Extraoral Time
Finally, the time in which the tooth was kept out of the mouth for manipulation varied among studies. Most authors advocated minimizing this time to preserve vitality of the PDL cells. The times ranged from 2 to 3 minutes, as reported by Abid et al (38) , up to 31 to 50 minutes in the report by Tewari and Chawla (21) . Most kept the extraoral time to less than 30 minutes. Jang et al (37) reported higher success rates for those teeth in which the extraoral time was 15 minutes or less compared with those kept out for more than 15 minutes.
Discussion
The selection of intentional replantation as a treatment modality has been controversial. There are many reported indications, yet the procedure has often been considered a last resort option to retain natural teeth (4). As highlighted, there are several different steps in the procedure, thus the opportunity for many variations of technique and materials. This may explain the wide range in reported success rates, which are often less favorable than other treatment methods. A recent systematic review of the literature by Torabinejad et al (40) found an overall 88% survival rate for intentionally replanted teeth, with more contemporary studies demonstrating success rates as high as 95%. Because of recently reported high survival rates, intentional replantation might now be considered among more commonly accepted treatment options. It was noted in this same study, however, that only 2 of the articles were published in the past 12 years and also demonstrated differences in clinical technique, thereby limiting the understanding of contemporary intentional replantation practice (40) . Thus, there seems to exist a wide variation in techniques and associated outcomes possibly stemming from the lack of an accepted protocol, as well as a lack of adherence to modern endodontic surgery principles.
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An interesting finding in this review was the relatively few studies that reported techniques that strictly adhered to modern endodontic surgical principles.
Modern microsurgical techniques for traditional root-end surgery have been described by Kim and Kratchman (13) and include the utilization of a DOM, ultrasonic instrumentation, micro-instruments, and highly biocompatible root-end filling materials. More specific recommendations were made including a minimum of 3 mm root resection, a 0 bevel angle, and a 3-mm root preparation depth. Staining of the root-end surface with methylene blue to identify fractures, additional portals of exit, and isthmi was also suggested (13) . It was also noted that traditional techniques for endodontic surgery resulted in success rates of 40% to 90%, whereas contemporary techniques that adhered to modern endodontic surgical principles resulted in 85.0% to 96.8% success (13) .
Studies by Setzer et al (41, 42) , evaluating success rates for apical surgery, concluded that when modern microsurgical techniques for root-end surgery were used, superior and more predictable success rates were achieved compared with traditional techniques. Thus, these conclusions might be similarly expected if modern endodontic surgical techniques and materials are used for intentional replantation surgeries.
Conclusions
As highlighted by Torabinejad et al in 2015 (40) , no universally accepted clinical protocol for intentional replantation has been established. An assessment and understanding of advocated techniques and the evidence to support them is an important first step in developing such guidelines.
Demonstrated in this review are many inconsistencies and variations in techniques that have been advocated or reported over the past several decades. As is evidenced by improved success rates for traditional root-end surgery (42) , incorporating modern endodontic surgical techniques, including the use of the DOM, staining medium, ultrasonic instruments, and newer, more biocompatible root-end filling materials, may also improve success or survival rates of intentionally replanted teeth.
